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Non-volatile resistive switching (RS) phenomena have 
recently attracted much attention because of their potential 
applications in next-generation non-volatile memories as 
alternatives to current flash memory technology. This 
emerging class of so-called resistive RAM (RRAM) [1]  
is based on functional materials that exhibit two stable re-
sistive states, i.e. a high resistance state (HRS) and a low 
resistance state (LRS), and a reversible non-volatile resis-
tive switching (RS) under electric pulses. A large variety 
of transition metal oxides (NiO, TiO2, SrTiO3, manganites, 
…) or chalcogenides are known to exhibit such RS [2–6]. 
It is worth noting, that all RS reported so far in these mate-
rials were explained by mechanisms based on thermoche-
mical or electrochemical effects [1].  
Recently we have discovered a reversible and non-
volatile RS on single crystals of the AM4X8
 
(A = Ga, Ge; 
M = V, Nb, Ta; X = S, Se) compounds [7–11]. The RS 
mechanism in these compounds is still unclear, but we did 
not evidence such thermochemical or electrochemical ef-
fects so far. On the other hand, we have recently evidenced 
that the RS is driven by the electric field [10] and is asso-
ciated with an unconventional electrostrictive effect [8]. 
Using this original RS could be of interest to build up new 
RRAM devices. However, prior to envision such develop-
ments, two major challenges have to be tackled. The first 
one is to obtain stoichiometric thin layers of these chalco-
genide compounds, which is non-trivial due to the high vo-
latility of the chalcogen (S or Se) during the deposition. 
The second challenge is to recover on polycrystalline thin 
layers the RS properties observed only in single crystals so 
far. In this Letter, we focus on the deposition of thin layers 
of GaV4S8 and we show the existence of an electric-pulse-
induced RS in theses polycrystalline samples. A detailed 
study of the resistive switching and associated mechanism 
is beyond the scope of this Letter and will appear in a sepa-
rate paper. 
Thin layers of GaV4S8 were deposited for the first time 
by RF magnetron sputtering in pure argon using a home-
synthesized GaV4S8 target. Prior to the deposition, the cy-
lindrical 50 mm diameter dense and stoichiometric target 
(90–95% of theoretical density) was made by Spark Plas-
ma Sintering (SPS) technique [12] starting from a poly-
crystalline GaV4S8 powder. As reported in previous works 
[13, 14], transfer to a thin layer of a complex ternary mate-
Recently a new type of reversible and non-volatile resistive
switching was discovered in single crystals of Mott insulators
AM4X8 (A = Ga, Ge; M = V, Nb, Ta; X = S, Se). Here we re-
port on the first synthesis of thin layers (thicknesses in the
100 to 1000 nm range) of GaV4S8 by RF magnetron sputte-
ring process. Energy dispersive spectroscopy, X-ray diffracti-
 on and TEM analyses attest the high quality of polycrystalline
GaV4S8 thin layers. Electrical measurements demonstrate that
deposited GaV4S8 thin films exhibit a non-volatile reversible
resistive switching at room temperature with writing/erasing
times of ~10 µs and a memory window (Rhigh – Rlow)/
Rlow > 33%. 
 rial is favoured by soft deposition conditions. In the pre-
sent study, thin layers of GaV4S8 were thus deposited on 
different substrates (Si(100), Si/SiO2 and Si/SiO2/Au) at 
low deposition pressure and RF power, respectively 
40 mTorr and 60 W (i.e. 3 W cm–2). Details on optimizati-
on of the deposition process will be published later [15].  
The as-deposited thin layers are sulfur deficient with a 
composition close to GaV4S5, as determined by Energy 
Dispersive Spectroscopy (EDS) and amorphous since a 
featureless X-ray diffraction (XRD) pattern is obtained. A 
one hour ex-situ annealing at 600 °C in a sulfur-rich at-
mosphere restores the targeted stoichiometric composition 
GaV4S8 and the expected crystalline structure. The XRD 
pattern (Fig. 1) of the annealed thin layer (top) exhibits ex-
actly the same diffraction peaks as those in the JCPDS file 
(n°01-070-3602) referenced for GaV4S8 (bottom). Besides, 
the pattern does not reveal any preferential orientation, sin-
ce the relative peak intensities remain unchanged com-
pared to the JCPDS file. 
The annealed thin layer exhibits a granular morphology 
with a grain size in the 30 nm range as displayed on the 
Scanning Electron Microscope images (SEM) of a 1 µm 
thick layer after post-annealing (Fig. 2a and b). HRTEM 
observations performed with a JEOL 2010 FEG, STEM, at 
an acceleration voltage of 200 kV, are in good agreement 
(Fig. 2c) since TEM analyses reveal a bulk granular struc-
ture with average crystallite size in the 10 nm to 30 nm 
range. EDS chemical analysis at the nanoscale confirms 
the stoichiometric composition GaV4S8.  
Electron diffraction patterns were recorded for a spot 
size of 300 nm2, starting from the silicon substrate and the 
bottom interface towards the bulk layer. Nano-diffraction 
pattern of the bulk is consistent with a GaV4S8 phase with-
out any secondary phase. Comparison of a bulk crystal-
lized grain HRTEM image with simulated images [16] at 
various defocus and thickness values along the [110] zone 
axis evidences without any doubt that the obtained layer is 
the crystalline GaV4S8 phase (Fig. 2d). These results con-
firm that the thin layers  exhibit  after  annealing the same 
chemical and structural characteristics as the bulk material 
GaV4S8. 
 
 
Figure 1 (online colour at: www.pss-rapid.com) XRD pattern of 
the annealed thin layer (top) compared with the GaV4S8 JCPDS 
file n°01-070-3602 (bottom). 
 
Figure 2 SEM images of the thin layer surface (a) and cross  
section (b) after the annealing step. HRTEM image of the  
bottom interface GaV4S8/Au (c) and comparison of HRTEM im-
age of a bulk crystallized grain in the annealed thin layer  
with simulated images at various focusing along the zone axis  
(110) (d).  
 
Finally, the electrical properties of GaV4S8 thin layers 
were investigated with Au/GaV4S8/Au/SiO2/Si MIM struc-
tures (Fig. 3a). Electrical contacts on bottom and top gold 
electrodes were taken thanks to 10 µm diameter gold wires 
with conductive carbon paste on pads in the micrometer 
range (size 50 µm u 50 µm). The HRTEM image reveals 
the high quality of the MIM structures (Fig. 2c) with  
an abrupt transition at the bottom interface Au/GaV4S8  
between the gold electrode and the GaV4S8 layer. The 
variation of the thin layer resistance was investigated  
by applying at 300 K a series of r2.5 V/10 µs pulses (red 
in Fig. 3b) to the device. The resistance (blue in Fig. 3b) 
was measured at low level (10–3 V) after each pulse. As 
shown in Fig. 3, each 10 µs pulse induces a writing or eras-
ing resistive switching. These characteristics are compara-
ble with the 1 µs writing time achieved in Flash technology 
and even much better than their typical erasing times of 
10 ms [17]. Figure 3(b1) displays a cycling behavior of  
our device between two resistance states with a switching 
ratio (Rhigh – Rlow)/Rlow of about 33%. This switching ratio, 
though not very large, is comparable with values obtained 
with Magnetic RAM (MRAM) at their early stage of their 
development [18]. Morevover the emerging Spin Torque 
Transfer – MRAM memories also display similar values of 
switching ratio [19]. In some cases, a switching ratio of 
200–300% (see Fig. 3(b2)) can even be observed at room 
temperature on our GaV4S8 based device.  
At this step, it is worth noting that our electrical meas-
urements were performed on very basic devices using very 
large pads of 50 µm u 50 µm. This may complicate the 
evaluation of the performance of our device compared to 
other RRAM or MRAM devices already under industriali-
sation development. For example, the large pad size leads   
  
Figure 3 (online colour at: www.pss-rapid.com) (a) Schematic 
representation of the Au/GaV4S8/Au/SiO2/Si MIM structure  
used for electrical measurements with a top electrode size of 
50 µm u 50 µm. (b) Examples of reversible and non-volatile re-
sistive switchings obtained on a 1 µm thick GaV4S8 thin layer at 
300 K with 10 µs pulses of r2.5 V with switching ratio of |33% 
(b1) and |250% (b2). 
 
 
to  small  resistance values of  our device that may be too 
small for applications. However, starting from the basic re-
lation for resistance, R = UL/S, we can estimate that future 
devices with pad sizes of |500 nm u 500 nm will be 
around the M: in their high resistance state Rhigh. Conver-
sely we expect the low resistance Rlow to be less modified 
by this downscaling, provided that the low resistance state 
results from a heterogeneous state as usually observed in 
other systems. This downscaling of the pad size should 
therefore enhance the switching ratio. We also note that, 
even if the downscaling will probably degrade its value, 
the current density required to switch between two resist-
ance states is equal to 3 kA/cm2 using our current pad size, 
i.e. much lower size than the values given for emerging 
memory devices such as MRAM (1 MA/cm2) [20] or 
PCRAM (200 kA/cm2) [17]. 
In conclusion, we have successfully deposited GaV4S8 
thin films using a low power and low pressure RF 
magnetron sputtering process followed by a short ex-situ 
annealing in sulfur rich atmosphere. The obtained stoichio-
metric and crystalline thin films exhibit a granular mor-
phology with grain sizes in the 10–30 nm range. Electrical 
measurements in MIM configuration with Au electrodes 
demonstrated that these GaV4S8 polycrystalline thin films 
exhibit at room temperature a reversible resistive switching 
with fast writing/erasing times of about 10 µs [21], similar 
to the one observed initially on single crystals. All these 
characteristics demonstrate the potential of the AM4X8 
compounds for RRAM non-volatile memory applications. 
Our results stand therefore as the first necessary step to-
wards any further development.  
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